We study localized wave on continuous wave background analytically in a nonlinear fiber with higher order effects such as higher order dispersion, Kerr dispersion, and stimulated inelastic scattering. We present an exact rational W-shaped soliton solutions, whose structural properties depend on the frequency of the background field. The hump value increase with the decrease of the background frequency in the certain regime. The highest value of the W-shaped soliton can be nine times the background's, and the distribution shape is identical with the one of well-known eyes-shaped rogue wave with its maximum peak. The numerical stimulations indicate that the W-shaped soliton is stable with small perturbations.
ity regimes for low perturbation frequencies on the CW background. The rational solutions obtained in [12, 13] are all in the modulational instability regime. Then, we can expect that the soliton solution could exist on the CW background in the modulational stability regime.
In this paper, we study on analytical rational solutions of the S-S equation through Darboux transformation method. We present an exact rational solution on CW background of S-S model, which corresponds to Wshaped soliton and involves in the modulational stability regime [7] . It does not describe the dynamics of RW, in contrast to the rational ones of the simplified NLS, which have been used to describe RW phenomena photographically [14] [15] [16] [17] . Its dynamics is similar with the W-shaped soliton reported in [8] . But the solution form is distinctive from the ones in [8] which has a nonrational form, and their distribution shapes are distinguished too. Furthermore, we discuss the stability of the rational Wshaped soliton through numerical stimulation method.
II. THE S-S MODEL AND CONTINUOUS WAVE BACKGROUND
According to the original work of Sasa and Satsuma [6] , the evolution equations for the optical fields in a fiber with the high-order effects mentioned above can be written as
Here, an arbitrary real parameter ǫ scales the integrable perturbations of the NLS equation. The units are dimension-less after performing proper scalar transformation. When ǫ = 0, Eq. (1) reduces to the standard NLS equation which has only the terms describing lowest order dispersion and self-phase modulation. The soliton solutions have been presented on the zero background in [18] [19] [20] . Here, we study rational solutions on a CW background,
where
and
. c denotes the background amplitude. w is the frequency of the optical background field. Performing the Darboux transformation [21] from the above seed solution, one can derive kinds of localized waves solution. Notably, we find a new type rational solution on continuous background with some certain conditions on the background's amplitude and frequency c ≥ 2w. We find that the rational solution does not correspond to rogue wave, in contrast to the ones of the simplified NLS [1, [22] [23] [24] . Its dynamics corresponds to soliton's which has a stable distribution shape with evolution, and the distribution shape like a "W" which has one hump and two valleys on the hump's two sides. Therefore, we call it rational W-shaped soliton. For S-S model, the instability regime are quite different from the simplified NLS, which just involves instability around low perturbation frequencies on continuous wave background. The Linearized Stability Analysis in [7] suggests that there are both modulational instability and stability regimes for low perturbation frequencies on the continuous wave. Based on these results, we can qualitatively know that the rational solutions reported in [12, 13] are in the modulational instability regime since the solution's dynamics corresponds to rogue wave behavior. Then, the rational solution obtained here should be involved with the modulational stability regime. Moreover, we find that the intensity values of the W-shaped soliton's hump and valleys depend on the value of the continuous wave background's frequency w. The hump's value increase with the decrease of w, for 0 ≤ w ≤ c 2 , shown in Fig. 1 . The lowest value of the hump can be four times the background's with w = c/2, and the biggest value of the hump can be nine times the background's with w = 0. Since the generalized rational solution is quite complicated, we do not present it explicitly here. However, we can obtain explicit and simpler form from the solution with some certain condition. As examples, we show two cases with w = c/2 and w = 0 separately as follows. The cut plot of (a) at z = 0. It is seen that the highest density value of |E(t, z)| 2 is nine times the background's. The distribution structure is identical to the one of well-known eye-shaped rogue wave at its maximum peak emerging moment. The parameters are c = 1, w = 0, and ǫ = 0.1. 
FIG. 4: (color online) (a)
The numerical evolution of |E(t, z)| 2 from the initial condition given by the rational solution E(t, z = 0) with w = 0. The evolution agrees well with the exact one in Fig. 2(a) . (b) The numerical evolution of |E(t, z)| 2 from the initial condition E(t, z = 0) + 0.02sin(0.05t). It is shown that the W-shaped soliton is robust with the small perturbations. The parameters are c = 1, w = 0, and ǫ = 0.1.
III. TWO EXPLICIT CASES FOR THE RATIONAL W-SHAPED SOLITON SOLUTION
Case 1: Under the condition w = c 2 , the background amplitude can be set as c = 1 without losing generality, the exact rational solution of Eq. (1) can be simplified as
The evolution of the rational solution is shown in Fig. 2 . It is seen that there are two valleys and one hump which are kept very well with the propagation distance. The solution corresponds to a stable soliton solution although it has rational solution form. This is quite different from the rational solution presented in [12, 13] . The soliton's shape is similar to the "W"-shaped soliton presented in [8] . But the middle highest hump is much higher than the background, and its |E| 2 value is four times the background's density value, which is distinctive from the ones presented in [8] . To demonstrate these differences, we 12ǫ , it is seen that the parameter ǫ determines the value, which suggests that these high-order effects affects the localized wave's velocity on the time.
Case 2: With w = 0 and c = 1, the generalized rational solution can be simplified as follows,
Interestingly, the density peak of |E| 2 is nine times the backgrounds, and the minimum density value is nearly zero, shown in Fig. 3 . The distribution shape is identical with the well-known fundamental RW solution with highest peak value of the simplified NLS [1, [22] [23] [24] . These characters are different from the fundamental W-shaped soliton in Case 1. Moreover, we find that the maximum value of the W-shaped soliton is nine times the background's with the condition w = 0. The corresponding solutions with frequencies in the regime 0 ≤ w ≤ c 2 are simple rational solutions, which are all different from the results presented in [12, 13] .
IV. DISCUSSION AND CONCLUSION
We present an exact rational solution of S-S equation, which can be used to describe W-shaped soliton in a nonlinear fiber with higher order effects such as higher order dispersion, Kerr dispersion, and stimulated inelastic scattering. Significantly, we find the hump value of the W-shaped soliton depends on the frequency of the background field. The value is inversely proportional to the value of the background frequency in the regime 0 ≤ w ≤ c 2 . The highest value of the W-shaped soliton can be nine times the background's with w = 0, and the distribution shape is identical with the one of well-known eyes-shaped rogue wave with its maximum peak. The lowest value of the soliton can be four times the background's with w = c/2, and the valleys' values are 5/8 of the background's density value. Finally, we stimulate the rational W-shaped soliton through the split-step Fourier method. The numerical results suggest that the soliton is stable under small perturbations. As an example, we show the case for the rational solution with w = c/2 and c = 1 in Fig. 4 . In Fig. 4(a) , we stimulate the evolution of the initial pulse corresponding to the ones in Fig. 2(a) at z = 0. It is seen that the stimulated one agree well with the exact one. Furthermore, we add some small perturbations on the initial pulse as E(t, z = 0)+0.02sin(bt). The numerical results indicate that the W-shaped soliton is stable under the perturbations, such as the one in Fig.  4(b) with b = 0.05.
